The Quaternary benthic foraminifers from Leg 95 Sites 612 and 613 were examined with respect to paleoceanographic trends. Data from the two sites indicate the presence of markedly different bottom-water masses, during both glacial and interglacial periods. The dominant interglacial species at Site 612 is Uvigerinct peregrina, which is barely present in corresponding intervals at Site 613. Dominant glacial species are Elphidium excavatum and Cassidulina reniforme at Site 612 and Epistominella takayanagii at Site 613.
INTRODUCTION
The Baltimore Canyon trough is the most intensively investigated sedimentary basin along the U.S. Atlantic margin. Offshore studies began in the 1950s (e.g., Drake et al., 1959) and have intensified as interest built because of offshore petroleum leases. On the basis of an extensive published record of both geological and geophysical investigations, the New Jersey margin was selected as the most suitable location for constructing the first marginwide stratigraphic transect.
Leg 93 started the current phase of drilling on the New Jersey transect, at two shallow sites (604 and 605) on the upper rise and one at the extreme oceanward end of the transect (603). The Leg 95 holes reported on here (612 and 613) provide the link between the shelf and the rise.
The advent of the hydraulic piston corer (HPC) has made it possible to obtain from the soft, unconsolidated Quaternary deposits high-resolution results not previously possible with rotary drilling. This chapter focuses on the benthic foraminiferal record of the Pleistocene sections at Sites 612 (1404 m water depth) and 613 (2323 m water depth). At Site 612 this includes the upper 56 m of sediment; at Site 613 the Pleistocene appears to be 187 m thick. Site 613 was cored discontinuously, and approximately 120 m of section was not sampled. Data will be available, however, from nearby Site 604 (Moulotte and Blanc-Vernet, in press), which was cored continuously through the entire Pleistocene section.
The purpose of this investigation is to report on Quaternary benthic foraminiferal occurrences at Sites 612 and 613, using the assemblage characteristics to reconstruct the paleoceanography.
PREVIOUS WORK
There have been several investigations of modern faunas in this area, but most concentrated on the continen-tal shelf rather than the slope. Cushman (1918 Cushman ( -1931 , in his studies of the Atlantic, included localities near this area but did not include quantitative data.
The first and most comprehensive of the early quantitative studies was that by Parker (1948) , who investigated four transects off the New England coast, covering water depths of 15 to 700 m. Later studies (Murray, 1969; Gervirtz et al., 1971; Kafescioglu, 1975) employed more statistical techniques but lacked the coverage of Parker's study. More recently, Poag et al. (1980) did a comprehensive study on the shelf and upper slope off New Jersey. Phleger (1942) examined many cores over a wide range of water depths in the same area, and his data provide a comparative base for the Holocene/Pleistocene boundary in our material. Miller and Lohmann (1982) examined the New Jersey slope environment specifically, identifying Uvigerina peregrina as the dominant species between 1500 and 2400 m, which agrees fairly well with what we observed at the surface of our Leg 95 sites. However, their use of a large sieve size severely limits comparison with data presented here. Streeter (1973) and Schnitker (1974 Schnitker ( , 1979 ) examined parts of this area in connection with much wider-ranging studies.
METHODS

Ten-cm
3 samples were processed for study of benthic foraminifers. All material was stored in a cold room before processing. Sediment was wet-sieved through a 63-µm (#230 mesh) screen.
After sieving, the samples were dried and, since most had excess amounts of fine sand, the sediment was sprinkled into carbon tetrachloride to float off the foraminifers. Foraminifers were split into fractions containing 300 to 500 individuals for quantitative counts. Planktonic foraminiferal and oxygen-isotope studies on the planktonic foraminifers are in progress (D. Smith, personal communication, 1985) .
A total of 72 samples from Site 612 and 50 from Site 613 were studied. Samples were obtained at larger intervals from Hole 613, both because the Quaternary section was longer and because, since it was incomplete, high-resolution samples were of less interest.
A total of 115 species were found in samples from Site 612 (Fig. 1 , Table 1 ) and 92 species were found in samples from Site 613 (Fig. 2 , Table 2 ). Data are reported in both absolute abundance (total numbers per 10 cm 3 ) and relative frequency. All depths given in the following sections are sub-bottom depths.
SEDIMENTOLOGY
The sedimentology is adequately described in the site chapters (this volume), but a few brief comments are in order here. The sedimentological characteristics change little throughout the Pleistocene, except that large amounts of glauconite occur near the base of the Quaternary in both holes, particularly Hole 612. The origin of glauconite is suggested to be shallow marine, but may be controlled more by temperature and sedimentation rate than by water depth (McRae, 1972; Bell and Goodell, 1967) . Glauconite is reported not to form where water temperatures are lower than 15°C and/or where sedimentation rates are high (McRae, 1972) . Present-day distributions confirm this (Bell and Goodell, 1967) . I suggest therefore, that any glauconite occurring at Sites 612 and 613 must have been transported from upslope and that reworked materials are present when glauconite is observed.
RESULTS
Hole 612
Total numbers of individuals vary significantly throughout the section from this hole, from almost 6000/10 cm 3 down to less than 500/10 cm 3 . A large majority of these individuals are less than 250 µm and therefore were not observed in the shipboard studies (Site 612 chapter, this volume).
There are significant assemblage changes downcore (Fig. 1, Table 1 ). At the surface (0-1.00 m) a diverse fauna occurs; it is dominated by Uvigerina peregrina and Pullenia subcarinata, with lesser percentages of Epistominella exigua and Bulimina marginata. In a short sequence (1.00-2.00 m), the assemblage changes first to one dominated by Fursenkoina fusiformis (1.33 m), then to an Islandiella teretis assemblage (1.77 m), and below that a comparatively long (2.00-15.00 m) section is codominated by Elphidium excavatum f. clavata and Cassidulina reniforme. This long section is interrupted only at 4.83 m, where an assemblage identical to the surface one reappears in one sample. This sample is suspect, since it is from the top of a core section and does not match samples from just a few centimeters above (4.48 m) and below (5.08 m).
Below 15.00 m, a new type of fauna begins as E. excavatum f. clavata and C. reniforme are still codominant, and there are persistent percentages of F. fusiformis and /. teretis down to 35.00 m, but at several levels between 20.00 and 35.00 m, E. exigua is dominant, replacing the other codominants, E. excavatum and C. reniforme. Below 27.00 m, /. teretis and F. fusiformis replace E. excavatum', a peak occurrence of F. fusiformis at 32.00 m is similar to the one at 1.33 m. In a short sequence (34.00-36.00 m), E. excavatum becomes overwhelmingly dominant. Elphidium subarcticum also appears in significant percentages in this interval.
Below the 36.00 m level, down to the lowest level examined in this study (56.00 m), the fauna again changes dramatically to an assemblage dominated by Uvigerina spp., but this assemblage is very different from the one at the surface. Most of these uvigerinids, as well as a significant part of the rest of the assemblage (e.g., Dentalina subsoluta, Bulimina aculeata), appear to be Tertiary species, but there are still significant percentages of what appear to be glacial forms (E. excavatum and E fusiformis), so that I believe the Tertiary forms are reworked into the section. Using nannofossils and planktonic foraminifers, this section was described as upper Tertiary, but at least with the planktonic foraminifers, there are also significant amounts of Pleistocene forms (Poag and Low, this volume) , so that older planktonic species may also be reworked from older sediments. Further evidence of reworking is the presence of glauconite layers, the top of which is at 37.00 m. Some sedimentary structures also suggest disturbance in this section (Poag, personal communication, 1985 , unpublished photos of core sections). Significantly, in the samples without glauconite (39.43 and 56.43 m), there are no diagnostic Tertiary benthic foraminifers.
Hole 613
As mentioned, the Pleistocene section was sampled discontinuously at this site. Samples were obtained from Oto 1.00 m, 19.00 to 29.00 m, 59.00 to 61.00 m, 117.00 to 163.00 m, and 185.00 to 187.00 m. Total numbers are generally higher in this hole than in Hole 612 (20,000/ 10 cm 3 to 500/10 cm 3 ); many samples contained more than 2000/10 cm 3 ( Fig. 2 , Table 2 ). As with Hole 612, a majority of these species were less than 250 µm in size and were not observed in shipboard studies (Site 613 chapter, this volume).
The surface assemblage is significantly different from that at Hole 612. U. peregrina is present, but in low percentages. The three codominant species are /. teretis, F fusiformis, and E. excavatum f. clavata. In the next sample below the surface (0.52 m), however, the fauna is completely different. The dominant species becomes Epistominella takayanagii, and the other species, except F fusiformis, drop off. E. subarcticum increases in relative abundance, but U. peregrina disappears. Total numbers decrease just below the surface as well.
There is an 18-m gap between samples, but at 19 m a fauna similar to that at the surface recurs and persists for a longer length of section (19-22.02 is prominent). Other species (F. fusiformis, I. teretis) drop in abundance, whereas some (ß. marginata, Nonionella turigidá) increase. Just below this level, E. takayanagii recurs in overwhelming dominance (50-70%) down to 145.93 m. Other species all make up less than 10%, but total numbers are the highest at the site (5000-20,000/10 cm 3 ). At 145.93 m, the assemblage changes abruptly to one codominated by E. takayanagii, I. teretis, and E. excavatwn f. clavata. This fauna persists to the bottom of the section examined here.
There appear to be reworked Tertiary-Cretaceous species throughout the hole (Table 2 ), but they are most prominent in the lowest sample containing glauconite (185.23 m), where reworked species {Heterohelix spp., Globigerinoides spp., some Dentalina spp., Guembelitria sp.) make up as much as 25% of the total fauna.
BIOSTRATIGRAPHY
There are some interpretational discrepancies between the work presented here and that performed aboard ship (Poag and Low, this volume) . At Site 612, the Pliocene/Pleistocene boundary is placed at 37 m by shipboard scientists, but I believe the boundary cannot be above my lowest sample (56 m). I believe this discrepancy exists because of reworked material occurring in the Pleistocene. Reworking is indicated not only by the microfossils but also by the presence of glauconite. Reworking of Tertiary and Cretaceous microfossils is known to occur along glacially active margins, as this area must have been during former glacial periods. In some upper Pleistocene sediments off Nova Scotia, I have found up to 90% Tertiary-Cretaceous specimens, well preserved and easily identifiable, but in clearly identifiable upper Pleistocene sediment (from a seismically continuous section; Scott, unpublished data). The zonations assigned on board ship were based on nannofossils and planktonic foraminifers, but obviously the older species of these groups could have been transported together with the benthic foraminifers. It seems clear to me that more work must be done on this section to resolve the problem.
At Site 6131 have no samples from below 186 m, and the Pliocene/Pleistocene boundary is somewhere below that, perhaps at 190 m sub-bottom, according to shipboard studies. I would anticipate problems similar to those at Site 612, however, since reworked material was also found at the base of the Pleistocene at Site 613.
PALEOCEANOGRAPHY
The benthic foraminifers do not contribute a great deal of age information, but do indicate some strong paleoceanographic signals. Although the surface assemblages at the two sites are comparable (both have Uvi- gerina peregriná), the subsurface materials differ completely. Of course, the key problem in comparing the holes is the missing upper section of Hole 613. Despite the lack of a completely comparable section, however, there was sufficient overlap to suggest a major hydrographic boundary between the two sites. U. peregriná occurs in both surface assemblages but dominates at Site 612 and obviously is at its lower limit at Site 613, indicating that there is a hydrographic boundary presently in this location. The surface faunas compare favorably with reported modern faunas (e.g., Miller and Lohmann, 1982) , except that U. peregriná is reported to occur commonly to depths of 2400 m. In subsurface assemblages, however, there is less similarity. Instead of the Cassidulina reniforme-Elphidium excavatum fauna, prevalent throughout the Site 612 sequence, there is an Epistominella takayanagii fauna at Site 613 which has a strong E. excavatum component but very low relative abundances of C. reniforme. There also appears to be a less gradual transition between modern and glacial environments at Site 613 (i.e., surface fauna goes right into E. takayanagii fauna, whereas at Site 612 there are some intermediate steps).
The C. reniforme-E. excavatum fauna occurs very rarely in modern sediments, but has been reported in glacial marine sediments from all over the North Atlantic (e.g., Canada [Cronin, 1979; Vilks and Rashid, 1976; Scott and Medioli, 1980; Scott et al., 1984] ; Europe [Feyling-Hanssen, 1972] ). Scott and Medioli (1980) and Vilks (1981) characterize the fauna as a "warm" ice-margin fauna (as opposed to present-day "cold" ice margins around Greenland, which have 100% agglutinated faunas). Most of the previous reports of this fauna are from shallow (less than 500 m) water, suggesting that the Elphidium specimens observed in slope sediments are transported. However, the work of Schafer and Cole (1982) and some of our own work on the Nova Scotia slope (Williamson et al., 1984; Schroeder, 1986) shows that Elphidium excavation can be a dominating species at slope depths, but not with C. reniforme as a subdominant. Although there is little doubt that the ElphidiumCassidulina fauna represents glacial bottom-water conditions, an interglacial planktonic foraminiferal fauna has been noted from these "glacial" samples at Site 612 (Poag and Low, this volume) , so that the question remains open whether the Elphidium-Cassidulina fauna is in place. The E. takayanagii fauna appears to have no modern or fossil correspondent. Leslie (1965) reports finding E. takayanagii in Hudson's Bay, but usually in abundances of less than 10%. Schafer and Cole (1978) also report the species in Chaleur Bay (New Brunswick) in cold, sa- line water of the Gaspé Current. Both of these reported occurrences are in shallow (less than 100 m) water. It is quite clear that, at least in the upper Pleistocene (0.5-25 m at Site 613), this fauna characterized the glacial bottom water at 2400 m, as opposed to the ElphidiumCassidulina fauna at 1400 m. It appears that bottomwater conditions were less affected by glacial conditions at 2400 m than at 1400 m, but the E. takayanagii component certainly does not denote typical interglacial conditions as we know them today. The E. takayanagii fauna may be the high-salinity, cold-water counterpart of the slightly lower salinity, more tolerant E. excavatum-C. reniforme fauna.
Phleger (1942) studied a series of short cores (1-3 m) from this region, taken in water depths of from 500 to 5000 m. In many of his cores, he observed the same X rapid transition from a Uvigerina fauna to an Elphidium fauna in the upper 1 m. But he did not report subsurface faunas resembling the E. takayanagii fauna. His work does show, though, that the Holocene section is thin over a wide region, not just at our two Leg 95 sites.
In the lower Pleistocene sections of Sites 612 and 613, where we cannot compare between sites, there are some significant events as well. At Site 612, Epistominella exigua becomes common below 15 m, and this coincides with a general increase in total populations from 500 to over 2000/10 cm 3 . E. exigua has been shown to be an indicator of North Atlantic Deep Water (NADW) and the Western Boundary Undercurrent (WBU) (e.g., Schnitker, 1979; Schafer and Cole, 1982) . The WBU presently 
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rates were quite different between sites, and/or there are hiatuses (seismics at Site 613 show several hiatuses in the Pleistocene). It is also of note that the surface fauna (i.e., presentday interglacial) does not recur downcore at Site 612 but does (19-22 m) at Site 613. In comparing the two sequences, it appears that major sections are missing from both sites, and without some absolute dating controls it will be very difficult to determine exactly how to correlate the Pleistocene records from the two sites.
The only characteristic common to both sites appears at the bases of both sections, where Elphidium faunas do occur with glauconite layers and reworked TertiaryCretaceous micro fossils. But the basal faunas differ in many aspects (no Uvigerina at Site 613, low Islandiella teretis at Site 612, etc.), and it is unclear whether these sections are correlatable. 
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